Calcium carries messages to virtually all important functions of cells. Although it was already active in unicellular organisms, its role became universally important after the transition to multicellular life. In this Minireview, we explore how calcium ended up in this privileged position. Most likely its unique coordination chemistry was a decisive factor as it makes its binding by complex molecules particularly easy even in the presence of large excesses of other cations, e.g. magnesium. Its free concentration within cells can thus be maintained at the very low levels demanded by the signaling function. A large cadre of proteins has evolved to bind or transport calcium. They all contribute to buffer it within cells, but a number of them also decode its message for the benefit of the target. The most important of these "calcium sensors" are the EF-hand proteins. Calcium is an ambivalent messenger. Although essential to the correct functioning of cell processes, if not carefully controlled spatially and temporally within cells, it generates variously severe cell dysfunctions, and even cell death.
At the beginning, life on earth consisted of single cells that were capable of carrying out all vital functions. The interplay with other cells was largely limited to the competition for nutrients. Unicellularity was clearly successful, as shown by the fact that unicellular organisms are actually still predominant today. Nevertheless, at a time which was generally estimated to be at 600 -700 million years ago, but which is now being pushed back to more than 2 billion years ago (1, 2) , competition was replaced by cooperation, and multicellular life evolved. It had somehow become advantageous for cells to work together rather than to live alone. Cells became gradually organized into structures in which they learned to perform different tasks and to cooperate in the division of labor. Cooperation naturally demanded the communication of cells with each other, i.e. it demanded the development of agents that could exchange messages between cells. As the complexity of the multicellular organization increased, so did the number of cells with distinct functional tasks. The number of intercellular signaling molecules and the degree of their complexity increased in parallel. A basic tenet of life is regulation. Thus, all vital functions within the cells are regulated. Indeed, they are also regulated in unicellular organisms. However, the transition to multicellular life brought with it the intercellular exchange of messages as an additional, and essential, regulation category.
Calcium, the third most abundant metal in nature, was amply available to cells from the beginning, and was adopted as a regulator at an early evolutionary stage. The basic principles of calcium regulation were already present in prokaryotes and protists (3, 4) , but calcium regulation gradually grew to cover nearly all aspects of cell function after the transition to multicellularity. Naturally, agents that carry messages to intracellular targets must be maintained within cells at very low basal levels, to prevent prohibitive energy expenses to modulate their concentration as demanded by the signaling function. The concentration of complex signaling molecules is regulated by biosynthesis and degradation. The means chosen by evolution to regulate calcium within cells was its reversible binding to specifically developed molecules. Here, calcium had a decisive advantage over the other metals present in the primordial ambient, chiefly over magnesium, which was far more abundant in the seawater where life had begun (5) .
Chemical Properties of Calcium
The advantage of calcium was its peculiar coordination chemistry. The interaction of metals, including calcium, with coordinating ligands is determined by a number of properties: 1) the valency (i.e. the charge of the metal); 2) the ionic radius; 3) the so called polarizability, which defines the aptitude of the metal electron cloud to be distorted by external electrical forces; 4) the hydration energy (i.e. the ease with which the water molecules are stripped off the metal); and 5) the radius of the hydrated metal ion, which determines the charge density. Taken together, these properties explain why calcium is readily accepted by sites of irregular geometry, such as those offered by the complex molecules (proteins) developed by evolution (6, 7) , and why these sites would not, for instance, accommodate magnesium ( Fig. 1 ). The coordination flexibility of calcium (the coordination number is usually 6 -8, but up to 12 is possible) and its variable bond length and angle are at sharp variance with those of magnesium, which, because of its smaller size (0.65 as compared with 0.99 Å) and much lower polarizability, requires a fixed octahedral geometry with six coordinating ligands and minimal bond length variability ( Fig. 1 ). In sites offered by proteins, calcium ligation usually occurs via carboxylates (monoor bidentate) or neutral oxygen (oxygen is the preferred ligand). In these sites, calcium is generally bound by seven oxygen atoms in a conformation that is best represented by a pentagonal bipyramid.
The evolutionary choice of calcium as a carrier of signals thus exploited the ease of decreasing its concentration within cells, which in most cytosols oscillates in the low-to-mid nM range. Here, a point of general importance becomes obvious. The lowering of the cellular calcium concentration, in addition to being required for the efficient signaling function, was an evolution-ary necessity, dictated by the early choice of phosphate as the energy currency of life. Calcium phosphate salts, unlike those of magnesium, have poor solubility, and would have made phosphate-based bioenergetics impossible in the presence of mM calcium concentrations within cells.
Calcium in Tissues and within Cells
In animal fluids and tissues, the concentration of calcium varies between 2.1 and 2.6 mM (6), subdivided in three forms: ionized, complexed to organic compounds, and bound to small molecular weight inorganic molecules. The equilibrium among these three forms in the fluids and in the extracellular spaces may vary somewhat, but the proportion of ionized calcium (Ca 2ϩ ) is generally not distant from that of complexed calcium. Total calcium concentration is also mM inside cells; however, in the cytosol of most cells, the concentration of free calcium is about 10,000-fold lower. Also, within cells, calcium is complexed by inorganic compounds and low molecular weight organic molecules. However, they normally bind calcium with low affinity, and cannot lower its free concentration to the nM range, which is needed for Ca 2ϩ to efficiently perform its signaling function. The achievement of the nM concentration demands the ligation of calcium by specific proteins that contain sites with the necessary affinity and specificity for Ca 2ϩ (see below). They belong to two broad classes. The first class con-sists of proteins that are soluble in the cytoplasm, sequestered inside cellular organelles, or organized in insoluble non-membranous structures such as the cytoskeleton. They buffer Ca 2ϩ to the nM range without modifying its total content in the cells. Also, a number of these proteins, in addition to buffering Ca 2ϩ , perform an additional task: they process its information. This is a very important concept, which deserves an extended comment. Ca 2ϩ can deliver the information to targets directly, as enzymes may contain sites that bind it. As these sites bind Ca 2ϩ , the activity of the enzyme increases or (more rarely) decreases (Ca 2ϩ is not an active site metal; it is the allosteric metal par excellence). However, in the majority of cases, the Ca 2ϩ message is not transmitted to targets directly. Prior to this, it must be decoded by Ca 2ϩ "sensor" proteins that bind it and conserve its information in the form of a conformational change that is then transmitted to the targets to which they bind. There are also cases that could be considered as intermediate, i.e. some target enzymes incorporate the sequence of a Ca 2ϩ sensor protein within their structure. The second class of proteins that control cell Ca 2ϩ is intrinsic to membranes, and transports Ca 2ϩ in or out of cells, or between the cytosol and the lumen of the organelles. When the traffic of Ca 2ϩ occurs across the plasma membrane, the ion obviously modifies its total cellular content. The binding differences are determined by the chemical properties of the two metals described in Table 1 , which explain the ease with which Ca 2ϩ accepts binding sites of irregular geometry. Adapted from Ref. 7.
Regulating Calcium Concentration

Calcium Binding and Sensor Proteins The EF-hand
In 1973, Kretsinger and Nockolds (8) published the crystal structure of parvalbumin, a Ca 2ϩ -binding protein that contained the structural features that later became known as the EF-hand motif (9) . In this helix-loop-helix motif, a sequential arrangement of about 30 amino acids ligates Ca 2ϩ with high affinity in a loop flanked by two helical segments. Parvalbumin contains three EFhands, with a total of six ␣ helices, A through F. The spatial orientation of the fifth (E) and sixth (F) ␣ helix, which enclose the Ca 2ϩcoordinating loop, resembles a hand, as shown in Fig. 2, top (10) . The EF-hand domain was later shown to be highly conserved in cellular Ca 2ϩ -binding proteins, which contain a variable number of EF-hand motifs. The family is steadily increasing, and presently includes more than 800 proteins, with more than 100 three-di-mensional structures solved. However, a precise function has not been assigned to most of them (11) .
Evolution of the EF-hand-Ca 2ϩ -binding proteins were already developed in prokaryotic organisms (12, 13) . The analyses of prokaryotic genomes have shown the presence of proteins with EF-hands and other Ca 2ϩ -binding motifs (13) (14) (15) . The EF-hand protein family is likely to have arisen from a founder protein with a single EF-hand from which proteins with multiple EF-hands were then derived by gene duplication (16) . Important EF-hand proteins are Ca 2ϩ sensors such as calmodulin, troponin C, recoverin, S-100, and STIM 2 (stromal interaction molecule). They all bind Ca 2ϩ and process its signal. Other EF-hand proteins, e.g. parvalbumin, calbindin and calretinin, are instead pure Ca 2ϩ -buffering proteins that maintain the appropriate Ca 2ϩ homeostasis. Thus, for instance, the concentration of parvalbumin in mammalian muscles correlates well with their relaxation speed (17) . EF-hands can even serve as internal regulators of the activity of proteins. This is for instance the case of the ryanodine receptor (see below) in which EF-hands mediate the gating of its Ca 2ϩ channel (18) . Most of these proteins contain an even number of EF-hands (between 2 and 12), usually as tandem copies related by a two-fold symmetry axis. A different EF-hand family has also been described that contains an uneven number of EF-hands, usually five (hence the name penta-EF or PEF family (19)). Recently solved structures, e.g. that of the protease calpain (20) , have indicated that the functional motifs of these proteins occur in pairs, either by homodimerization or by heterodimerization, whereas the non-functional fifth EF-hand acts as a dimerization domain.
Calmodulin-Calmodulin (CaM) is the most conserved EFhand protein. Together with histones, actin, or ubiquitin, it is one of the most conserved proteins known to date (21) . It is ubiquitously expressed in all eukaryotic organisms, the sequences in all vertebrates being 100% identical. It transmits the Ca 2ϩ message to a large number of cellular functions. In humans it is encoded by three non-allelic genes; even if they encode an identical protein, the coding sequences differ substantially (22) . The CaM homologue troponin C differs instead in sequence depending on whether it is of skeletal or cardiac muscle origin (23) .
The structure of CaM has been solved for both the Ca 2ϩbound and the Ca 2ϩ -free form (for a recent review, see Ref. 24 ). The structure shows a dumbbell shape, with two terminal lobes connected by a long flexible helix. The EF-hands are located in pairs in the lobes. The binding of Ca 2ϩ induces a conformational change that exposes hydrophobic patches on the surface of the protein, conferring to it the ability to interact with targets. Structures of Ca 2ϩ -loaded CaM complexed to binding peptides from various targets have been solved by NMR and by x-ray crystallography (24) . The binding to target domains induces a large conformational change of CaM, which bends to a variable extent from the extended dumbbell shape into a more globular structure in which its two halves wrap around the target domain (24) .
STIM-STIM1 (stromal interaction molecule-1) is a protein of the endoplasmic reticulum (ER) membrane that detects the Ca 2ϩ level of the lumen. As it decreases, a conformational change of STIM (25) promotes its interaction with, and the gating of, the channel-forming plasma membrane Orai protein (26) at specialized junctions between the ER and the plasma membrane (the SOCE channel mechanism (27); see below). Remarkably, STIM senses Ca 2ϩ in the very high concentration of the ER lumen, i.e. with an affinity that is 3 orders of magnitude lower than that of CaM and other EF-hand proteins. The EF-hand pair of STIM is thus unusual, as it is composed of a canonical and of a non-canonical EF-hand, in which amino acids critical to Ca 2ϩ binding are replaced (24) . The SOCE sys-tem was developed early in evolution, as homologs of the STIM and Orai proteins have been found in the genome of unicellular organisms (28) . S100 Proteins-S100 proteins are a family of EF-hand-containing proteins that are soluble in 100% ammonium sulfate, hence their name (29) . To date 21 S100 proteins have been identified in humans (30) . They are small, and usually contain two EF-hands. The C-terminal one is canonical, whereas the N-terminal one is a pseudo-EF-hand, in which a 14-residue loop coordinates Ca 2ϩ with low affinity (31) . These proteins also bind other divalent metal ions such as zinc and copper, and usually occur as homodimers. They regulate numerous cellular targets, e.g. transcription, the cell cycle, cell growth, motility, differentiation. Peculiarly, some of them also interact with targets, e.g. RAGE (receptor for advanced glycosylation end products), outside the cell. It is not clear whether they are actively secreted or passively released by them. Dysregulation in the expression of a number of S100 proteins leads to different disease phenotypes, including cancer (30) .
Other Calcium-binding Motifs in Proteins
The C 2 -domain-C 2 -domains of proteins interact with phospholipids of different membranes, mostly in a Ca 2ϩ -dependent manner. These domains, first identified in protein kinase C, have now been identified in more than 100 proteins. They consist of 120 -130 amino acids, organized as a ␤-sandwich of two four-stranded ␤-sheets connected by three loops. Ca 2ϩ is coordinated at the loops that connect ␤-sheets 2-3 and 6 -7 at the edge of the ␤-sandwich by carbonyl and mono-and bidentate aspartate side chain oxygens, and a water oxygen. (Fig. 2, bottom  left) Most of the proteins that contain C 2 -domains are involved in either signal transduction pathways or membrane traffic (32) . Among the best studied C 2 proteins is synaptotagmin, a transmembrane protein that contains two such domains. It acts in synaptic vesicles as the Ca 2ϩ sensor in the process of exocytosis and a fast, synchronous neurotransmitter release (33, 34) . Recently, a different C 2 -domain-containing protein, Doc2, was found in which isoforms ␣ and ␤ function as Ca 2ϩ sensors for the slow phase of asynchronous neurotransmitter release (34) . At variance with the Ca 2ϩ binding to EF-hand sites, which causes a conformational change, Ca 2ϩ binding to C 2 -domains only leads to the structural stabilization of the protein.
The Annexin Ca 2ϩ -binding Fold-Annexins are a broad family (more than 200 members are now known) of Ca 2ϩ -dependent phospholipid-binding proteins that bind to membranes in a Ca 2ϩ -dependent manner (35) . They act inside cells, but some (A1, A2, A5) are found outside cells. They are involved in numerous cell processes, among them the inhibition of phospholipases, endo-and exocytosis, Ca 2ϩ channel formation, and anchoring of proteins to the plasma membrane. Their name reflects the role in bringing together different cellular structures. Outside cells, they have a role in blood coagulation and fibrinolysis. All annexins consist of a divergent N-terminal head domain and a conserved C-terminal core domain (35) . The core domain nearly always contains four repeat units consisting of five ␣ helices A-E, which are separated by intervening sequences of variable length, and in which helices A, B, D, and E form a coiled-coil curved disk with loops connecting helices A-B and D-E on its convex side. The loops bind Ca 2ϩ , whereas the N-terminal domain is on the concave side of the disk (Fig. 2,  bottom right) . Annexins contain three types of Ca 2ϩ -binding sites, formed by the AB, DE, and ABЈ loops. Up to 12 Ca 2ϩbinding sites may exist along the membrane-binding surface of annexins. A number of annexinopathies have been described, ranging from diabetes, to different forms of heart failure, to leukemia (36) . Annexin A2 complexed to protein S100A11 can be recruited by a system for the repair of the damage to the plasma membrane caused by cancer cells induced by the stress of navigating through dense extracellular matrix (37) .
Membrane-intrinsic Calcium-transporting Proteins
The buffering of cell Ca 2ϩ to the nM level is the task of proteins that transport Ca 2ϩ across membranes. The channels allow the downhill passage of Ca 2ϩ across the plasma membrane and the membranes of organelles. ATPases transport Ca 2ϩ with high affinity, and exchangers transport it with lower affinity in exchange for another ion (normally Na ϩ ). Mitochondria take up Ca 2ϩ with an electrophoretic uniporter and release it with a variant of the Na ϩ /Ca 2ϩ exchanger. The properties of all these systems have been extensively covered in numerous reviews (e.g. see Refs. 6, 7, and 38) . This review will mention striking new developments, but will consider in more detail points of special interest to Ca 2ϩ signaling in general. The Ca 2ϩ channels of the plasma membrane are regulated by different mechanisms: 1) the interaction with ligands (e.g. glutamate in neurons); 2) the emptying of the cellular Ca 2ϩ stores (the SOCE channels mentioned above (27) , in which the STIM proteins sense the Ca 2ϩ depletion in the ER to reach and gate the plasma membrane channel-forming Orai protein); 3) the changes in the membrane electrical potential (the voltage-gated Ca v channels), which exist in several subfamilies; and 4) the interaction with environmental signals, e.g. temperature, pH, and odorants (the five families of transient receptor potential (TRP) channels, which are variously permeable to Ca 2ϩ , and which have also been located in intracellular membranes). The plasma membrane Ca 2ϩ channels are selectively distributed in tissues, as their gating properties and responses to agonists/antagonists respond to the distinct needs of cells. For instance, the SOCE channels, although also present in excitable cells such as the skeletal muscle, are the major Ca 2ϩ influx system in non-excitable cells. A very recent striking finding has been the solution of the three-dimensional structure of the voltage-gated Ca 2ϩ channel of skeletal muscle cells (39) , which is a complex of a pore-forming subunit ␣ 1 and of auxiliary regulatory subunits ␣ 2 -␦, ␤, and ␥ (Fig. 3A) .
The membranes of ER/SR (sarcoplasmic reticulum) contain the most important intracellular Ca 2ϩ channels. Ca 2ϩ channels have also been described, or hypothesized, in other cellular organelles, but they are less well characterized. The ER channel is gated by the second messenger InsP 3 (40) , and the channel in the SR is gated by Ca 2ϩ itself (Ca 2ϩ , however, plays a role in the gating of the InsP 3 channel as well). The SR channel, routinely called the ryanodine receptor (RyR) as it is inhibited by the alkaloid ryanodine, is critical in the control of cytosolic Ca 2ϩ during the excitation-contraction cycle of muscles. It is a gigantic tetrameric molecule of four monomers of more than 5000 residues, which is regulated by numerous mechanisms. Recent cryo-EM work has led to the solution of the three-dimensional structure of the RyR (18, 41, 42) (Fig. 3B ) and the InsP 3 receptor (InsP 3 R) (40) . These spectacular achievements have greatly advanced the molecular understanding of the movement of Ca 2ϩ across membranes. Ca 2ϩ is removed from the cytosol to the external space or to the lumen of organelles by different systems. Ca 2ϩ ATPases (Ca 2ϩ pumps) are located in the plasma membrane (PMCA pump), in the membrane of the ER/SR (sarcoplasmic reticulum Ca 2ϩ -ATPase (SERCA) pump), and in the Golgi network (secretory pathway Ca 2ϩ ATPase (SPCA) pump). The SERCA pump is the most powerful system for the clearing of Ca 2ϩ from the cytosol of all eukaryotic cells. It coexists in animal tissues with the PMCA pump, which is expressed only in very low amounts. The concept has thus recently emerged (43, 44) that in most tissues the main role of the PMCA is not the global control of cytosolic Ca 2ϩ , but the control of the Ca 2ϩ signaling in selected sub-plasma membrane domains where important Ca 2ϩ -regulated enzymes also reside. The PMCA pump is a target of CaM. In the presence of Ca 2ϩ , CaM becomes bound to the pump, making it active. As result, Ca 2ϩ in the environment decreases, promoting the detachment of CaM. Thus, the activation of the pump by CaM must necessarily have oscillatory character (44) .
The other plasma membrane Ca 2ϩ -ejecting system is the Na/Ca exchanger (NCX). It is particularly active in excitable cells and complements the action of the ATPases, as it has large transport capacity, but low Ca 2ϩ affinity. It thus cannot lower Ca 2ϩ to the nM level of resting cells. It operates electrogenically, exchanging three Na ϩ ions for one Ca 2ϩ ion, and thus responds to both the transmembrane potential and the concentrations of Ca 2ϩ and Na ϩ inside and outside cells. Thus, it can also operate in the reverse mode, bringing Ca 2ϩ into the cell.
The mitochondrial Ca 2ϩ -handling system and its role in the handling of cytosolic Ca 2ϩ have had a peculiar history. The poor Ca 2ϩ affinity of mitochondria (apparent K m values in excess of 5-10 M had been measured soon after the discovery of the process (45, 46) ) had ruled them out as efficient controllers of cytosolic Ca 2ϩ . Because early work had discovered that three tricarboxylic acid (TCA) cycle matrix dehydrogenases were exquisitely sensitive to Ca 2ϩ (47) , for a long time it was tacitly accepted that the role of mitochondria was to control their own Ca 2ϩ , not Ca 2ϩ in the cytosol. Even if work in rats injected with radioactive Ca 2ϩ had shown that the energylinked uptake process did somehow occur in vivo (48) , mitochondria were brought back as important controllers of cytosolic Ca 2ϩ only in the 1990s, by the discovery that they sense micropools of high Ca 2ϩ concentration created in their vicinity by the InsP 3 -mediated opening of the Ca 2ϩ store of adjacent ER (49, 50) . Very recent discoveries have shown that Ca 2ϩ penetrates into mitochondria through a channel (51) and have identified the components of both the uptake and the release legs of the Ca 2ϩ -transporting system. The uptake leg has special complexity, as it consists of the transmembrane uniporter channel (MCU) (52, 53) , aided by a number of accessory membrane extrinsic proteins (mitochondrial calcium uptake proteins (MICUs)) (54, 55) (Fig. 4) . The release leg, which had originally been discovered as a Na ϩ -promoted path that, unlike the plasma membrane NCX, also accepted Li ϩ in exchange for Ca 2ϩ (56) , is a variant of the plasma membrane NCX (NCMX), which, indeed, also accepts Li as a Ca 2ϩ exchange partner (57) . (Some cell types contain a mitochondrial Ca 2ϩ/ H ϩ mitochondrial exchanger (58) .) The multitude of Ca 2ϩ -transporting systems, coupled to the vast array of buffering and sensor proteins, underlines the vital importance of the precise control of the Ca 2ϩ signal, which is reflected in the large list of enzymes and other cell processes that are controlled by Ca 2ϩ (Table 1 ).
Ambivalence and Other Distinctive Properties of the Ca 2؉ Signal
The canonical way of transmitting messages to cells involves the interaction of "first messengers" with plasma membrane receptors. The interaction activates the production of diffusible "second messengers" that convey the information to cellular targets. Ca 2ϩ is one of these diffusible second messengers. However (see above), Ca 2ϩ can also penetrate directly into cells to carry signals to cellular targets, bypassing the interaction of first messengers with plasma membrane receptors. However, it can also be a real first messenger, as in a growing number of cells in which it interacts with a canonical plasma membrane receptor (59) , triggering the formation of the second messenger InsP 3 . Thus, a point of semantics would perhaps be in order. Because Ca 2ϩ is liberated into the cytosol by the second messenger InsP 3 , it would be more correct to call it a "third messenger." However, apart from semantics, ambivalence is perhaps the most distinctive property of the Ca 2ϩ signal. Ca 2ϩ is vital to the functioning of cell life, but must be delivered to cells, and processed by them, in a precisely controlled way. Deviations from its resting nM concentration in the cytosol can be tolerated, and do actually occur in response to physiological demands, but they must occur in a spatially and temporally controlled way. For instance, Ca 2ϩ can be delivered to targets in the form of high concentration oscillatory transients spatially confined to specific cellular (micro) domains. These deviations are normal means to deliver the Ca 2ϩ signal. The ambivalence of the signal is instead defined as the abnormal, uncontrolled deviation of Ca 2ϩ from its normal homeostatic level, including, albeit less frequently, in the direction of its persistent unplanned decrease. Cell life became evolutionarily organized on a given, tightly controlled homeostasis level of Ca 2ϩ . However, having decided to use Ca 2ϩ as a determinant for function, cells have at the same time accepted to live in a permanent state of controlled risk. Given the unlimited availability of Ca 2ϩ in the environment, and the enormous inwardly directed Ca 2ϩ pressure, the risk of large increases of Ca 2ϩ entry by the damage to the plasma membrane is a distinct possibility; the unwanted persistent activation of proteases, phospholipases, and nucleases would then terminate cell life. For a while, cells can delay the onset of the catastrophe by storing excess Ca 2ϩ within the mitochondria, which take it up together with phosphate and store it in the matrix as osmotically inactive hydroxyapatite deposits. However, this defense only provides cells with the time necessary to survive brief Ca 2ϩ storms. If the membrane toxicant does not rapidly disappear, doom unavoidably follows. Importantly, this toxic Ca 2ϩ death is completely different from the death of cells in the process of apoptosis, which instead is but one of the positive ways in which cells use the Ca 2ϩ signal. Apoptosis still culminates in the death of cells, but is an essential phenomenon, as it mediates processes such as tissue renewal and organ modeling. It has been calculated that in human adults, about 1.2 kg of cells are actually renewed each day in the process of apoptosis (6) . However, the Ca 2ϩ signal can also be deranged in subtler ways that concern defects of individual actors in the Ca 2ϩ -controlling protein machinery. These defects do not lead to cell death, but induce phenotypes of cell discomfort that can be of very long duration, and very serious. They are most frequently of genetic origin, and have now become an important chapter of the Ca 2ϩ signaling topic (60, 61) .
Back to the Title: How (and Why) Did Calcium Become the Best Communicator?
In summary, the sequence of evolutionary events that have led to the unique signaling role of Ca 2ϩ is likely to have been the following. 1) Even in the monocellular stage, it was vital to lower cell Ca 2ϩ very significantly if phosphate was to be used as the energetics currency. 2) The chemical properties of Ca 2ϩ had uniquely permitted the lowering of its free concentration in cells to levels that would avoid the precipitation of phosphate salts. 3) Once means were developed to constantly maintain Ca 2ϩ at very low background levels, cells had acquired an ideal signaling agent. 4) When competition (unicellularity) was replaced by cooperation (multicellularity), Ca 2ϩ was the logical choice to begin exchanging signals, as the cellular ambient already had systems to control it. As the complexity of signal transduction increased, additional systems to control Ca 2ϩ were then developed. 
